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Single scattering albedoThe variability of long-range dust transport events observed in the southern Himalaya and its relation
with source areas have been studied thanks to ﬁve years’ continuous measurements which were carried
out at the ‘‘Nepal Climate Observatory-Pyramid’’ (NCO-P, 27570N, 86480E), the highest Northern
Hemisphere GAW-WMO global station sited at 5079 m a.s.l. in the high Khumbu valley (Nepal) on the
southern Himalaya. During the period March 2006–February 2011, the analyses of the aerosol particle
concentrations and LAGRANTO three-dimensional backward trajectories indicated the occurrence of
275 days affected by synoptic-scale dust transport, which account for 22.2% of the investigated period.
The frequency of dust transport days (DTDs) showed a clear seasonal cycle, with the highest seasonal
value observed during pre-monsoon season (33.5% of the pre-monsoon’s days are DTDs).
Large enhancements in coarse aerosol number concentration N1–10 (average: +689%) and mass PM1–10
(average: +1086%) were observed during the dust transport events as compared to the days without dust
(dust-free days, DFDs). In addition, the single scattering albedo (SSA) also showed higher values, ranging
from 0.87 to 0.90, during DTDs with respect to DFDs (0.80–0.87).
The predominant source of mineral dust reaching the measurement site was identiﬁed in the arid
regions of the north-western Indian subcontinent (Thar desert), which accounted for 41.6% of the
trajectories points associated with DTDs. Seasonal analysis also indicated that the winter season was
signiﬁcantly inﬂuenced by far western desert regions, such as North Africa and the Arabic Peninsula.
 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Mineral dust is one of the main components of tropospheric
aerosol and it can inﬂuence global and regional climate through
many complex processes (e.g. Forster et al., 2007). Dust particles
affect the radiative budget of the atmosphere by absorbing and
scattering the incoming shortwave solar radiation, but also by
interacting with the outgoing longwave radiation (Lau et al.,
2006). Considerable uncertainty still affects current knowledge of
the optical properties of mineral dust, and contradictory ﬁndings
have resulted from both satellite/in situ measurements (Kaufman
et al., 2001; Dubovik et al., 2002) and modelling studies (e.g. Hess
et al., 1998). Moreover, dust particles indirectly affect regional and
global climate by inﬂuencing cloud formation, lifetime, radiative
properties, as well as the amount of precipitation (Rosenfeld
et al., 2001; Mace et al., 2006). By absorbing solar radiation, dustcan also increase the rates of glacial melting, once they deposit
on the surface of glaciers (Lau et al., 2010).
Major dust mobilization into the atmosphere occurs in speciﬁc
arid regions, as shown by both satellite data and surface observa-
tions (Washington et al., 2003; Ginoux et al., 2012). North Africa
(Sahara desert and Sahel belt), the Arabian Peninsula (Arabian des-
ert) and western Asia (Lot and Thar deserts) can be considered the
greatest sources of soil dust (Prasad and Singh, 2007) that can
inject several Tgs of dust particles into the atmosphere each year.
The Tibetan Plateau and the arid areas of the Indo-Gangetic Plains
are also important regions of dust source (Han et al., 2008; Gautam
et al., 2009).
As shown by Ramanathan et al. (2007), mineral dust is one of
the main components of the atmospheric brown cloud affecting
south Asia. The accumulation of desert dust and soot aerosols over
the southern slopes of the Himalaya may contribute to modify the
atmospheric/surface radiative balance and rainfall patterns during
pre-monsoon season over northern Indo-Gangetic Plains (Lau and
Kim, 2006; Nigam and Bolassina, 2010). In addition, because of
the absorbing properties of dust, deposition onto snow and ice
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and, hence, affect the dynamics of seasonal snow cover in the
region, while prematurely exposing glacier surfaces to solar radia-
tion (e.g. Aoki et al., 2006).
As a consequence, in order to provide more accurate estimates
of the potential impact of dust on the cryosphere, there is a need to
evaluate the frequency with which the dusty air masses are trans-
ported to the Himalaya and to better quantify dust concentrations
and their variability at the surface. However, apart from the
increasing satellite observations of the Tibetan Plateau and
Himalaya-Karakoram regions (Huang et al., 2007; Liu et al.,
2008b), very few studies have been carried out in relation to
continuous in-situ dust observations at high altitudes in the
Himalaya (Carrico et al., 2003; Hedge et al., 2007).
This paper presents the characterization of synoptic scale min-
eral dust transport frequency and its inﬂuence on background
atmospheric properties in the Himalayan region. The work is based
on ﬁve years (March 2006–February 2011) of continuous observa-
tions performed at the ‘‘Nepal Climate Observatory-Pyramid’’
(NCO-P), located on the southern slope of the Himalaya. The num-
ber concentration of coarse particles, N1–10 (1 lm < Dp < 10 lm),
considered as a proxy for mineral dust at high altitude and remote
sites (e.g. Van Dingenen et al., 2001; Carrico et al., 2003) have been
used to identify the dust transport days (DTDs) at the measure-
ment site. Characterisation of seasonal aerosol size distributions
from 0.25 to 10 lm and single scattering albedo (SSA, a key param-
eter for deriving local estimates of direct aerosol radiative forcing,
according to Hansen et al., 1997 and Wang et al., 2009) during
DTDs with respect to days without dust transport are discussed,
together with the contribution of different source areas to the
mineral dust transported at 5000 m a.s.l. in the Himalaya.2. Materials and methods
2.1. Measurement site and instrumental set-up
The NCO-P station, which is part of the Ev-K2-CNR SHARE
(Stations at High Altitude for Research on the Environment) and
UNEP (United Nations Environment Programme) ABC (atmospheric
brown clouds) projects and provides continuous measurements of
trace gases, aerosol and meteorology (Bonasoni et al., 2010), is
located on the southern slope of the Himalayan range (Nepal,
27950N, 86820E, 5079 m a.s.l.) in the upper basin of the Khumbu
glacier valley and far away frommajor regional anthropogenic pol-
lutant sources. A detailed description of the measurement site and
experimental set-up is presented in Bonasoni et al. (2008, 2010).
On the synoptic-scale, NCO-P is mainly affected by a westerly
circulation for most of the year, with the exception of the monsoon
season (usually fromMay to September, even though the onset and
decay dates varied from year to year), when the air masses reach-
ing the site usually originate from the Bengala Gulf and the Indian
plains. As NCO-P is located within the large ‘‘desert belt’’ that char-
acterises the northern sub-tropical hemisphere (Prospero et al.,
2002; Ginoux et al., 2012 and Fig. 1), it is likely that the seasonal
variation of the synoptic-scale circulation can trigger the dust
transport from these major desert areas towards the measurement
site.
On a local scale, the circulation in the high Khumbu valley is
affected by a mountain/valley breeze regime, with day-time
southerly valley winds and nocturnal reversed ﬂow during
non-monsoon seasons. During the monsoon season the site is
affected by southerly winds even during nigh-time. The interaction
between the synoptic-scale and local/regional circulation leads to
the onset and decay of the summer monsoon and winter seasons
reported by Bonasoni et al. (2010), which were adopted here todeﬁne the seasonal transitions (pre-monsoon, monsoon, post-
monsoon, winter) during our ﬁve year investigation (seasonal
onset and decay dates are reported in Table 1).
The number concentration and size distribution of particles
with diameters between 0.25 and 10 lm in 23 size bins were
measured by an optical particle counter (OPC 190 GRIMM). Such
measurements enabled the continuous determination of N1–10,
i.e. aerosol particles with optical diameter between 1 and 10 lm.
By assuming spherical particles and an average mineral dust
density of 2.5 g cm3 (Linke et al., 2006; Fratini et al., 2007; Xu
et al., 2010), the particulate aerosol mass concentration (PM1–10)
of N1–10 was also calculated. According to the manufacturer, the
accuracy of the OPC in particle counting is ±2% over the entire mea-
surement size range. Particle concentrations were determined,
based on the equivalent optical diameter, by calibration with latex
spheres (1 lmDuke Scientiﬁc Corp., refractive indexm = 1.59, k = 0
at 780 nm). Additional checks were performed in February 2008
using latex spheres (400 nm and 1 lmDuke Scientiﬁc Corp.) which
showed a diameter underestimation of less than 5%. However, it
should be considered that the variation of the refractive index
within different air masses and particle non-sphericity can inﬂu-
ence the OPC response, both in terms of diameter and particle
number (Liu and Daum, 2000; Reid et al., 2003). As assumed by
Putaud et al. (2004), a random uncertainty in particle sizing of
±20% can be associated to a similar OPC during desert dust
advection. The sampling line, connected with a TSP (total sus-
pended particle) sampling head, is equipped with a drier system
(naphion tube) which activates in case of high relative humidity
(RH > 70%) in the sampling ﬂow. Excluding maintenance and cali-
bration at the production factory, also because of instrumental fail-
ure, OPC measurements were available for 68.6% of days, with 3
long data gap (from August 24th 2007 to October 12th 2007; from
December 4th 2007 to February 2nd 2008; from October 05th 2009
to February 20th 2010). To our knowledge, this dataset represents
the longest continuous time series of N1–10 available at altitude
above 5000 m a.s.l.
A Multi-Angle Absorption Photometer (MAAP 5012), also
connected to the afore-mentioned TSP head, measures the
transmission and the backscattering of a light beam (Petzold and
Schönlinner, 2004) incident on a ﬁbre ﬁlter where aerosol particles
are deposited by sampling ﬂow, providing particle light absorption
coefﬁcient rabs at 670 nm. Additional information on MAAP mea-
surements and calibration procedures are provided by Marinoni
et al. (2010).
Aerosol total and back scattering coefﬁcients at three
wavelengths (450, 550 and 700 nm) are derived by an integrated
nephelometer (model TSI 3563), whose sampling line is connected
to a PM2.5 cyclone, limiting sampling to aerosol particles with
aerodynamic diameter less than 2.5 lm. The data provided by
the MAAP and the nephelometer were used to estimate the SSA
at 670 nm using the methodology for SSA calculation that can be
found in Marcq et al. (2010) which is deﬁned according to the
operating guidelines described in Anderson and Ogren (1998), in
particular for calibration procedures and corrections for truncation
errors. Due to technical problems with the integrated nephelome-
ter, especially during winter season 2006 and 2008, the SSA values
were available for 59.1% of the days.
To investigate the synoptic-scale origin and path of air masses
reaching NCO-P, 5-day back-trajectory ensembles were calculated
with the Lagrangian Analysis Tool LAGRANTO (Wernli and Davies,
1997), basing on the 6-hourly operational analyses produced by
the ECMWF (3D wind ﬁles were interpolated on a 1  1 horizon-
tal grid and are available on 60 hybrid vertical levels). Every 6 h (at
00, 06, 12 and 18 UTC), an ensemble of 20 back-trajectories have
been calculated by shifting the endpoints by ±1 in latitude/longi-
tude and ±50 hPa in pressure.
Fig. 1. NCO-P location (white star) and the domain representing six selected mineral dust source regions based on the climatological work by Liu et al. (2008b): North Africa
(NA_1 and NA_2), the Arabian Peninsula (AP_1 and AP_2), arid regions of Iran, Pakistan and Afghanistan (IPA), the Indian sub-continent (IN), Taklimaklan desert (TAK) and the
southern Tibetan Plateau (TP_1 and TP_2).
Table 1
Onset and decay dates for the different seasons at NCO-P.
Year Season Onset date Decay date
2006 Pre-monsoon 01/03/2006 20/05/2006
Monsoon 21/05/2006 26/09/2006
Post-monsoon 27/09/2006 20/11/2006
Winter 21/11/2006 31/01/2007
2007 Pre-monsoon 01/02/2007 05/06/2007
Monsoon 06/06/2007 12/10/2007
Post-monsoon 13/10/2007 14/11/2007
Winter 15/11/2007 02/03/2008
2008 Pre-monsoon 03/03/2008 09/05/2008
Monsoon 10/05/2008 07/10/2008
Post-monsoon 08/10/2008 04/11/2008
Winter 05/11/2008 15/03/2009
2009 Pre-monsoon 16/03/2009 20/05/2009
Monsoon 21/05/2009 15/10/2009
Post-monsoon 16/10/2009 13/11/2009
Winter 14/11/2009 13/03/2010
2010 Pre-monsoon 14/03/2010 05/05/2010
Monsoon 06/05/2010 24/09/2010
Post-monsoon 25/09/2010 23/11/2010
Winter 24/11/2010 07/02/2011
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at Nepal Standard Time (NST, i.e. UTC + 5:45), while all concentra-
tions refer to STP conditions (273.15 K and 1013 hPa).2.2. Identiﬁcation of dust transport events
At NCO-P, day-time up-valley and night-time down-valley
breezes trigger a diurnal cycle in aerosol property and trace of
gas concentrations (Bonasoni et al., 2010). Moreover, valley wind
breeze can favour local re-suspension of coarse particles from the
dry soils that can inﬂuence the aerosol coarse mass concentrations
during daytime, especially during winter (Marinoni et al., 2010).
Based on that, with the purpose of identifying dust events related
with synoptic-scale atmospheric transport, only night-time
observations were considered for the analysis (00:00–06:00 Nepal
Standard Time), when the NCO-P site is well representative of the
tropospheric background conditions (Bonasoni et al., 2010;
Marinoni et al., 2010; Sellegri et al., 2010). The night-time N1–10
time series were analysed (Fig. 2) by using the Kolmogorov-
Zurbenko ﬁlter (Zurbenko, 1986), thus highlighting statistically
signiﬁcant increases of the N1–10 (Fig. 2). These increases were
observed for 275 days (corresponding to 22.2% of the days forwhich aerosol particle concentration measurements were avail-
able), hereinafter deﬁned as dust-transport-days (DTDs).
Secondly, in order to speciﬁcally evaluate the impact of dust on
the Himalayan background atmospheric conditions, aerosol prop-
erties observed during night-time periods during DTDs and during
dust-free-days (DFDs, i.e. values observed during night-time peri-
ods for which dust transport did not affected the measurement
site) were compared.
3. Results and discussion
3.1. Inﬂuence of DTDs on the seasonal coarse aerosol particle
concentration
Over the 5-year observations, the highest night time seasonal
average value of N1–10 was observed during the pre-monsoon sea-
son (0.44 ± 0.42 cm3), while the lowest seasonal average was
observed during the post-monsoon season (0.08 ± 0.07 cm3)
(Fig. 2). The PM1–10 seasonality was characterised by the highest
seasonal average on pre-monsoon and monsoon (8.3 ± 10.4 and
8.2 ± 23.6 lg m3, respectively), while the lowest value character-
ised the post-monsoon (1.3 ± 2.9 lg m3).
The frequency of DTDs occurrence at NCO-P was characterised
by a clear seasonal cycle: the highest seasonal frequency of DTDs
was observed in the pre-monsoon and winter seasons (31.8% and
21.6% of the season’s days respectively) with lower values for the
monsoon and post-monsoon seasons (13.9% and 13.2%, respec-
tively). The results are in good agreement with previous studies,
which indicated pre-monsoon and winter as the seasons more
affected by mineral dust transport to the South Himalaya (Carrico
et al., 2003; Kaspari et al., 2009; Gautam et al., 2009; Decesari et al.,
2010). N1–10 and PM1–10 mean concentrations for DFDs and DTDs
are reported in Table 2. On average N1–10 related to DTDs increased
by 689%, with respect to DFDs conditions (Tab.1). During the DTDs
high values of N1–10 occurred in the pre-monsoon and monsoon,
while the post monsoon season showed both the lowest frequency
of DTDs and the lowest N1–10. PM1–10 during DTDs showed an anal-
ogous behaviour: high seasonal concentrations were observed in
the pre-monsoon and monsoon, while low values were found for
the post-monsoon, causing on average a PM1–10 increase of
1086%, with respect to DFDs.
3.2. Mineral dust sources: identiﬁcation and seasonality
The principal source areas related to the synoptic-scale mineral
dust transport to NCO-P were identiﬁed thanks to the analysis of
Fig. 2. Night-time (00:00–06:00 NST) N1–10 daily average values at NCO-P from March 2006 to March 2011. Red dots indicate DTDs and vertical bars delimit the monsoon
(red) and winter (blue) season. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
Table 2
Average ± standard deviation of night-time (00:00–06:00 NST) N1–10 (cm3), PM1–10 (lg m3) and SSA for background DFDs and DTDs. The average values were calculated using
‘‘n’’ daily data.
Parameter Data selection All seasons Pre-monsoon Monsoon Post-monsoon Winter
N1–10 DFDs 0.09 ± 0.13 0.19 ± 0.15 0.06 ± 0.11 0.05 ± 0.02 0.07 ± 0.10
n: 642 n: 161 n: 214 n: 88 n: 179
DTDs 0.71 ± 0.62 0.84 ± 0.43 0.97 ± 0.68 0.18 ± 0.15 0.47 ± 0.76
n: 275 n: 124 n: 56 n: 24 n: 71
PM1–10 DFDs 1.4 ± 2.5 2.7 ± 2.8 1.0 ± 2.7 0.5 ± 0.4 1.2 ± 2.2
n: 642 n: 161 n: 214 n: 88 n: 179
DTDs 16.6 ± 21.4 16.8 ± 11.6 24.8 ± 22.6 4.4 ± 6.7 13.7 ± 31.9
n: 275 n: 124 n: 56 n: 24 n: 71
SSA DFDs 0.83 ± 0.10 0.84 ± 0.07 0.80 ± 0.14 0.86 ± 0.06 0.87 ± 0.06
n: 389 n: 114 n: 134 n: 69 n: 72
DTDs 0.88 ± 0.04 0.88 ± 0.03 0.87 ± 0.05 0.87 ± 0.05 0.90 ± 0.04
n: 195 n: 97 n: 46 n: 24 n: 28
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back-trajectories (ending at the NCO-P at 23:45 NST and 5:45
NST) which originated or transited over six important dust source
regions: North Africa (NA), Arabian Peninsula (AP), the arid regions
of Iran, Pakistan and Afghanistan (IPA), the Indian sub-continent
(IN), Taklimaklan desert (TAK) and southern Tibetan Plateau (TP).
The source area of a speciﬁc DTD was identiﬁed when back-
trajectories travel below a speciﬁc altitude (4 km during
pre-monsoon and monsoon and 2 km during post-monsoon and
winter, with the exception of the IN domain which is 2 km also
during pre-monsoon) that was deﬁned on the basis of the global,
height resolved, analysis of CALIPSO Lidar measurement under
free-cloud condition presented in Liu et al. (2008a), showing the
vertical and spatial distribution of mineral dust aerosol. Moreover,
the mobilization of mineral dust over the source regions during the
passage of the back-trajectories were further corroborated by the
analyses of satellite data: aerosol index by OMI (Ozone Mapping
Instrument, de Graaf et al., 2005), AOD at 550 nm by MODIS level
3 data – collection 5 and aerosol proﬁles by CALIPSO (Cloud-
Aerosol Lidar and Infrared Pathﬁnder Satellite Observation, Liu
et al. (2008a)). When different desert regions concurred in a single
DTD, it was equally tagged to each source region. To provide a
measure for each source area contribution to the DTD occurrenceat NCO-P, the fraction (expressed as % in Fig. 3) of back-trajectory
points crossing them was calculated for each season.
The domain IN was the most active source, with regard to the
transport of mineral dust toward NCO-P, whose contribution was
evident in all seasons, particularly during the monsoon (60.8%).
In particular, the Thar desert appeared to be the most important
dust source of the IN domain: other studies (Liu et al., 2008a;
Gautam et al., 2009; Hyvärinen et al., 2011) indicated this region
as the main contributor to the high coarse aerosol particle concen-
trations observed in the Indo-Gangetic basin and the Himalayan
foothills. During the monsoon season the IPA domain was also
contributing signiﬁcantly (19.6%): this was related to a shift in
the seasonal synoptic circulation patterns which enables the
advection of westerly air masses during speciﬁc events. The NA
domain represented the main source area during winter (34.4%),
together with PA (20.6%): the chemical analysis of winter PM10
(Decesari et al., 2010) sampled during DTDs showed an iron (Fe)
concentration 4 times higher than for samples during DFDs, further
indicating the relevance of North Africa in contributing to the
coarse aerosol particles observed at NCO-P during winter. The
northern domains (TAK and TP) contributed mainly during
pre-monsoon and post-monsoon seasons, albeit concentrated in a
few DTDs. The analysis of Decesari et al. (2010) of the PM10
Fig. 3. Seasonal average (5-year) contribution of source areas of mineral dust to the observed DTD at NCO-P.
Fig. 4. Night-time (00:00–06:00 NST) average seasonal aerosol size distribution for DTDs (red circles) and DFDs (blue circles). (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the web version of this article.)
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increase in the Ca/Al (0.6) and Fe/Al (0.7) ratios, which are compa-
rable with the ones observed by Wu et al. (2010) and related to
mineral aerosol originating in the Tarim and Jungaar basins (TAK
domain).
3.3. Inﬂuence of DTDs on the seasonal aerosol particle number size
distribution
The seasonal DFD aerosol particle number size distributions
observed at NCO-P (Fig. 4) showed a behaviour similar to what
had already been observed in background areas not affected by
systematic transport of mineral dust (Nyeki et al., 1998; Seinﬁeld
and Pandis, 1998), with inter-seasonal variations related to the
efﬁcient transport of atmospheric brown cloud pollutants up to
the measurement site during pre-monsoon and by wet scavenging
of aerosol during the monsoon (Bonasoni et al., 2010; Marinoni
et al., 2010).
During DTDs a change in the seasonal aerosol particle number
size distribution was observed for particles with diameters larger
than 1.0 lm. However, considering two different size ranges (1–3
and 3–10 lm) there are clear seasonal differences: in the ﬁner size
range the highest increases are observed during the pre-monsoon
and winter seasons (number concentration 4.1 and 4.0 times
higher than during DFDs respectively). On the other hand, in the
coarse size range, the highest increases occurred during post-mon-
soon and monsoon seasons (20.8 and 13.1 times higher than dur-
ing DFDs respectively). Considering gravitational particle settling
and its dependence on mass (and therefore particle size, assuming
a homogenous density), these results suggest a larger inﬂuence of
closer sources (e.g. IN-Indian subcontinent) during the monsoon
and post-monsoon seasons (less gravitational losses of coarse par-
ticles), and an increasing contribution from far off sources (e.g. NA
and AP) during the pre-monsoon and winter seasons (more gravi-
tational losses).
3.4. Inﬂuence of DTDs on the seasonal single scattering albedo
The seasonal average values of SSA for both DTDs and DFDs are
reported in Table 2. As reported by Marcq et al. (2010), SSA values
of 0.85 and lower (calculated using all the daily available data, both
diurnal and nocturnal) are regularly observed at NCO-P, indicating
that absorbing aerosol possibly related with combustion emissions
strongly inﬂuence the high south Himalaya (Bonasoni et al., 2010;
Marinoni et al., 2010). Higher average SSA is observed during DTDs
with respect to DFDs, indicating that mineral dust transport
increases the low SSA that usually characterises south Himalaya.
A similar inﬂuence on SSA was already observed by Collaud Coen
et al. (2004) at Jungfraujoch (3576 m a.s.l., Switzerland) during
Saharan dust transport episodes. At the NCO-P, the increase of
SSA during DTDs with respect to DFDs varies from 0.01 to 0.07,
depending on the season. It is likely that such higher SSA can have
important implications concerning the direct effects of aerosol par-
ticles on the regional climate. In fact, as pointed out by Hansen
et al. (1997), a change in SSA of 0.1 can often change the sign of
the direct effect, depending on the albedo of the underlying surface
and the altitude of the aerosol layers.
It should be noted that the SSA values for DTDs were quite low
if compared with other observations related to the Northern Hemi-
sphere dust belt and Australia (usually above 0.9 at 700 nm), as
reported by Redmond et al. (2010). However, SSA over India and
East Asia/China during desert dust transport events can greatly
vary, with values ranging from 0.75 to 0.99 (Redmond et al.,
2010 and references therein). In particular, some studies indicated
SSA < 0.75 for dust originating from the Thar desert (one of the
most active dust sources for the NCO-P site) that, as reported byMoorthy et al. (2007), mobilizes the most absorbing dust particles
in the world.
4. Conclusions
The present work described synoptic-scale dust transport
events identiﬁed in the southern Himalaya during a ﬁve years’ time
frame of continuous measurements (March 2006–February 2011)
on coarse aerosol particle number concentrations (N1–10), PM1–10
and SSA at the global GAW-WMO station ‘‘Nepal Climate Observa-
tory-Pyramid’’ (5079 m a.s.l.) located in the high Khumbu valley,
Nepal.
It has been shown that the long-range transport of mineral dust
can strongly inﬂuence the aerosol physical and optical properties
over the high Himalaya, leading to signiﬁcant variations in aerosol
particle size distribution, PM1–10 mass concentration and SSA.
Over the 5 year period, large increases in coarse aerosol number
concentration N1–10 (average increase: 0.62 cm3,+689%) and mass
PM1–10 (average increase: 15.2 lg m3,+1086%) were observed
during the DTDs as compared to the average values found in the
DFDs (0.09 ± 0.13 cm3 and 3.1 ± 16.8 lg m3, respectively). In
addition, the SSA also showed higher values, ranging from 0.87
to 0.90, during DTDs with respect to DFDs (0.80–0.87).
The identiﬁcation of mineral dust source areas has indicated
that the Indian sub-continent is the predominant dust source on
a yearly basis (41.6% of back-trajectory points), with a major con-
tribution from the Thar desert. This is especially true for the mon-
soon season, while the winter season showed a stronger inﬂuence
from far western desert regions. During the monsoon season sig-
niﬁcant dust transport can be observed at NCO-P when large-scale
shifts in the summer monsoon circulation affect the measurement
site, leading to a non-negligible contribution from the arid region
of Iran, Afghanistan and Pakistan. .
At NCO-P higher SSA values were found during DTDs than in
DFDs. This reﬂects the inﬂuence of synoptic-scale transport of min-
eral dust on aerosol optical properties over the South Himalaya
with possible implication for the aerosol radiative effects over this
region.
This work indicates that considerable amount of mineral dust is
systematically transported toward the Himalaya leading to notable
changes in the aerosol particle properties during the observed
DTDs. It ﬁlls an important gap of knowledge and constitutes a base
for future research about the climate impacts of mineral dust in the
Himalayan region. In particular, the study of the interactions
between optically active dust and soot particles in the glacier areas
of the Himalaya represents a mandatory action for a more accurate
estimation of the inﬂuence on the radiative balance of the lower
atmosphere and on the impact on Himalayan snow cover and
glacier dynamics.References
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